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EXECUTIVE SUMMARY

Two generigorobabilistic risk assements (PRARre performedor the addition of deat extraction
system (HESJo alight water reactorl(WR)d one for apressuriedwater reactorfWR) and one for a
boiling waterreactor BWR). The results investigathe applicability of the potential licensing
approaches whichight not require a fullJ.S. Nuclear Regulatory CommissiddRC) licensing
amendmenteview(LAR). ThePRAs aregeneric,and therefore some assumptions mwade to preserve
generality Many conservative assumptions from the preliminary PWR PRA rejpoet eliminatedising
design data for both the HES and tigh-temperature electrolysisdiity (HTEF). The results of the
PRA indicate thaapplication usig thelicensing approach ih0 CFR50.59 is justifiecbecause afhe
minimal increase in initiating event frequencies fodalsign basis accidentSBAs), none exceeding
5.6%. The PRA mults forcore danage frequencydDF) andlarge early release frequey (LERF)
support the use ofdyulatoryGuide 1.174 as further risk information that supports a change without a
full LAR. Further insightprovided through hazard analysis and sengytistitidies confirnwith high
confidence that the safety case fortising an HES addition anah (ITEF sited at 1.0 km from the
nuclear power plaris strong and that the placement ofHTEF at 0.5 km is a viable case. Ssjgecific
information can altetese conclusions.
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1. OVERVIEW
1.1 Purpose

Penetration of variable renewalglewer plantaind low naturafjas prices are threatening the
profitability of already existing, pd off, nuclear power plants (NB). The Nuclear Energy Institute
(NEI) [1] reported that the total generating cost for nuclear energy of exidtifigplants in 2017 was
$33.50/MWh,This relativelylow operating cost is quite competitive to oteeergy sources. However,
there are other econonfiactors that need to be considered due to the intrinsic nattlie IOVR power
generation process. Th&\IR NPPs are typically run at full power during unfavaeaoversupply
electric market situations asal by fair weather and low electricity demandhislis caused by the need
to avoid reactor shutdowns which lead to time delays in resta@inghe othehand, NPPs generally
have superior relidlity which allows operators to continue running themhwit frequent shutdowns. As
a resultwhile the curent LWR fleet consists of 10% tfe operating capacity of electricity generation, it
is consistently ra at a much higher capacity than other technologies and provides 20% of the electricity
sold in theU.S. Thisis oneof thebenefits NPPgrovide to tke electricgrid, which is notadequately
compensatedherebydisruptingtheir finances andustainabiliy in operating in such baseload manner
During these timeSNEI reportq1] thatNPP operators only recotipe U.S. government subsidy of
$23/MWh, essentially causing operatto pay for the electricityheycreate. No substantial
governmentapolicy has been pubio place to suppothe sustainable operatiof NPPs as reliable
baseload providers.

To increae the utility and profitability of the current fleet of LWR NP#&Light Water Reactor
Sustainability LWRS) Progranis evaluatinghe feasibility of using part of the heat from an NBiPuse
in otherindustrialapplications Steel manufacturing, chéral processing, desalination, and hydrogen
production are examples of industrial applications that catilide heat from a LWR NPP. The co
located industrial facility will benefit from lower cost prasdéeat and the NPP will benefit from
steadier ibome from its consistent production of enerflye feasibility ofinstalling a modificatiorof an
LWR NPPto export process heat to an industrial facilithlisken into two partssconomic viability and
the safety caseThe economidenefitwill determineif the modification is desiredThe safety case will
determine if thanodification is allowedhrough licensing by the |$.Nuclear Regulatory Commission
(NRC). This report concentrates on the probabgisafetycaseof the use oL WR-extracted heat in
hydrogen production by electrolysis of water. Hydrogen production is chosen because of the large
demand ér hydrogen across various markets and the added benefit of less carbon in the hydrogen
production gcle. Currentlymost ofthe commercial hydrogengutuced uses steam methane reforming
which utilizes natural gas as a source of hydragehprodees CQ as wasteElectrolysis utilizes water
as the source of hydrogen.

For the suggestethangeo the LWR design and operatioto be approvedhe NRC requies a
demonstration that the safety of the NPP will not be affected advePsebabilistic riskassessent
(PRA) is used to risknform the decision for change acceptance by the NRC. PRA is a prooghkichy
risk is numerically estimated by computingbpabilities of what can go wrong and the consequences of
those undesired events. The quantitatesultsof the PRA are compared to guidelines set by the NRC
which determine if the design and operatiomsafe enough for approval or if changes need tmade to
increase its safety.

1.2 Background

A PRA foranNPP is broken into three levels. A Level 1 PRAraates the frequency per year of
accidens damagng the reactor core, referred to as core damagedrey (CDF). This is done using two
types of logicastructured eventtrees(ETs)and fault tree¢FTs) An ET represents the possible
pathways that can oecdue to an undesirenitcome The initial undesired event is called an initiating
event(IE). After the IE, the ET uses the results of FT modelsesgmting responding systems that
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prevent core damag€hese FTs are known as the top events of theThE event tree sequences of
events result in end states which are indicative of the state of therrd@&et end state of interest is core
damage. Albasic events of component or human action failbeag associategrobabilities of failure
thatare usedn relationto one anther as defined by tHegic trees.The sum of the probabilities
associated tall the sequences leadingttee core damagend sate, represent the CDF

Top-down methods are typidglusedto definelE frequencies. This uses datare€orded events to
calculate theeventfrequency.

The probability of failure for top eventd FTsare calculated using a botteop method. Bottorup
methods rely on knowing the exact componentry androlsnof a systenthatare then translated into a
FT. Typically, this is accomplished by referencing a piping and instrumentation diagram (P&ID) of the
system and a list of operator actions, then idginij how each of those components and/or actiongicoul
fail in a way that leads to a failure event in Bie The FTsarecreated and integrated inE¥'s by
identifying within whatlE the system failurevould beusedeither as an initiator itself or @s
modification toone of the responding systems

2. OBJECTIVE

The objective ofhis PRA is to furtherefineand expand upothe preliminarygenericLWR
pressurizedvater reactorFWR) PRA presented in INL/EXT9-55884fi Pr el i mi nary Pr obabi
Assessmerof a Light Water Reactor Supplying Process Heat to a Hydrogen Productiom|P)atd
remove as mangonservatisms arassumptions as possiblehis PRAincludesbothboiling water
reactor (BWR) and PWBenerc modelsto provide an example for starting a ssfgecific PRA for the
purpose of pursuinglicensing @thway with the NRQusing10 CFR 50.5%iChanges, Tests, and
Experiments [3] supported byRG 1.174fiAn Approach for Using Probabilistic Risk Assessment in
Risk-Informed Decisions mPlantSpecific Changes to thécensing Basi® [4].

3. PROJECT SCOPE

The scope of this report is a Level 1 PRA that motiedgisk of core dmage by quantifying the CDF
associated with removing heat from fhrecess steamof an LWR. Thisresultis thencarried forward for
use in dding ahydrogen production plant thaseshigh-temperature electrolysiVithin the PRA, he
high-temperature etdrolysis facility HTEF) is treated as botla potentiainternal andexternal event
hazard upon theWR. ThelE frequencies assaied with the addition of the WR @eat extraction
system (HESand the HTERwill be compared against tlypiidelines set id0 CFR 50.59 and the CDFs
and large early release frequencieBRF) calculated from the PRA will be copared against the
guidelines set in RG 1.174. Recommendationshi® applicabilityof the results to il licensing path will
be giwen.

The primaryinternal eventoncern for increased risk when heat removal is addedtémdasd. WR
is the loss of steainventory by a stearine break. Ultimately, the loss of steassults in the avage
temperature of the secondary system coolingrdthuscausing gositive temperature coefficient that
leads to reactivity insertion, with leads to a reactor power spiRhefollowing increasd temperature of
the reactor core is valh can lead to a aetor trip or core damage. Thus, large stéambreak failures are
considered the major risk added by the addition oHfE&. Increasei thelE frequency of the large
steamline break are quantifiesh this report In addition to tlese events, the irgase in transients caused
by smaller steartine leaks, control systn faults, etg arealsoconsidered

Hydrogen production poses a thr&athe reactor core in large deation accidents where the
overpressure impuldee.,shock wae), fire, or shrapel comes into contact with the reactor building o
other critical sructures on the site. While deflagration events have consequeoals the HTEF those
are not consguertial outside of the facility.
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The physical specifications of the propo$#iSand HTEF are also detailed. These specificatiares
used to add orotthegenericPRA modes.

4. NPP WITH HES AND COLLOCATED HTEF SYSTEM DESCRIPTION

Thereare two designs cortgred for the HES. One is a tybase to twephase transfer design where
the heatransfer medium in the thermal power delivery (TR@)p enters a vap phase when heated to
operating temperatures. The other design is apfnase to onphase transfer wine the heatransfer
medium stay# the liquid phase. Steatn-steam heat transfaiill always use the twphase to twgphase
design Heattransfer fuids (HTF)many ti mes i ncorrectbycamsdietwc @ed t o
phase or singkphaseoperating states, depending oaittphysical characteristics and the desired atpey
temperature§ection5.1.4.4. Note that there is no actual HES system at the timedbk@rch is done and
therefore tleseareconceptual designthat are baseshthoseu s ed i n t he L WRiBSnof eport
Thermal Hydraulic Models for Thermal PowRispatch intoa PW Power Pl a[Bt Si mul at or

4.1 Two-Phase to Two-Phase HES Design

A P&ID diagram of the proposddESline for steam in the TPDoop is shown ifFigure4-1 as
adapted froni5]. Thenucleap | a nt 6 se(msain st@éam hdadetmps steanfrom themainsteamline
downstream fronthe main steamisolationvalves (MSIVs).The steam conddn available for extraction
at the main steam headis saturated steam with a total mass flow rate of 5.8kg/@r (1.3x10Ib/hr) at
69.5 bar (1,008.5 py). HES-1 asthe main control valve fahe HESline, and therefordasthe largest
effect on reattvity control. During steadystae operations, theteam in théHESline is condensed to
avoid sending higipressure steano the condenser, which would dease plant operating efficiency.
The extaction heat exchangers required for heat transfer toyifhigen production plant are lded at
the NPPsite. The HES isalso near the turbine systebut not necessarily within étturbine buildingto
reduce Issesandminimize the amount of additiohsteam inventory that is cycled through the NIPRo
HESisolation valves are modeled inrigs (IV-1 and I\(2), mimicking the configuration of a typical
MSIV arrangement-or the opion in which superheated steama vapoiphase HTHs used in the TPD
loop, the extraction heat exchangers comprise sstage gstem because there will be a phakange in
both te hot and cold fluids.

The first heat exchangelfES-EHX-1 is aoncethrough steam generat@@STG) Thesaturated steam
is on the tube side dfie heat exchanger, and the delivery steam is evaporatedetely and superheated
on the shll side. The ream for this design choice is the fact that the OTSG provides slighttytmaied
steam from a subcooldiduid inlet in a single heat exchang&his combined with the vertical nature of
the heat exchamy makes it reasonable for providithedesired heatransfer and fluid conditions. The
TPDIloop is superheated by about BS°steamis usedas theheattransfer mediunfvaporphase HTF
superhetied temperatures would vanp assist thermal delivery the hydrogen plant approximately a
kilometer away wih minimal condensation.

TPD-EHX-2 has a desiglike a feedwater heatefhe wet steam from the NPP estée heat
exchanger on the shell sidelie condensed and subcooled by the condensate from thedR0The
condensate in the TPIDop is preheatedhithe tube side of the heat exchanger before being fully
evaporated anduperheated itHES-EHX-1. The subooled liquid is designed to etES-EHX-2 at
193.3°C (380°F) at a high pressure of 68.3 bar (#8p0 This liquid is throttled taondenser pressige
through an orifice. There is a check valve prior to the orifice wiaghires a high differential presre to
open. This helps to ensure thia¢ HESline remains pressurized in the event of a systaifumction to
protect the chemistrof the nuclearteam in the case of a substantial tube leak in either of the extraction
heat exchangers.

As the steam ithe hydrogen production plant is pumgbtbugh the tubes HES-EHX-2, it is
preheated to saturati, then boils and superheatstgzsisses througihe shell side oHES-EHX-1. The
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maximum flow rate of steam exiting theteaction heat exchangers and rimgyvtoward the hydrogen
plant is 2.715x@° kg/hr (5.986x18Ib/hr) and the temperature is 252°C $4B). This steam travels
approximaely 1 km to the fddrogen plant via a pipe equipped with steam traps to ensure dry steamh is

to the

h y d ramgeneratqr. Tle rdndessates i thenpgmd back to thelESheat

exchangers, where it is boileddnsteam agairSeveral valves ifrigure4-1 are highlighted in blue. This
highlightindicates they are design optso\ sensitivity analysis is conductedSection6.4to analye
the safeg benefits of thes options, and to select the optimal option in terms of safety and costs.
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Figure4-1. Piping andnstrumentatiomiagram oftwo-phase tawo-phase HES

4.2 Two-Phase to One-Phase HES Design

The P&ID for theHESfor constant liquid phase in the TPD lospshownFigure4-2 [5]. The design
shown is he same as described in Sec#dohwith the following exceptions:

Steam traparenot used as a bypass configioat Instead, HES in the main extraction line
downstream fronHES-1 remove condersate that forms while saturated steam travelsd@xtraction
hea exchangerddES-EHX-1 condenses the steam in thES steam ine and issquipped with a hotwell
(HESHW-1). HESHW-1is a reservoir equipped with valves to control the enmsdte level iHES
EHX-1. At a specified condensate levelyalve opens to allowcondensate to flow to tHeES-EHX-2.
This design ensures that only liquigter can flow tdHES-EHX-2 when using fluidto-fluid heat
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transfer HES EHX-1 has a vent to the condenser for whde the water level is building to the desired
level. HES-HW-1 also has a drain to the condenser to allow for extra draining, if neceBbargteam is

in the shell sidef HESEHX-1. HESEHX-2 is a normal shebhndtube heat exchanger with the water in
the tubes and thdTF in the shell. This heat ekanger serves wub-cool the water to allow for

maximum heat dispatch. After the conddasaxitsHES-EHX-2, it flows tothe condenser.

HES-9

TT-1001
PT-1001

V-1 V-2 pFcus %
o s [ A

in e HES-EHX-1 @@
To Tref Program @@@ @ ) s NET
< T [HES-7
FT-1001 FC-1000 I:
% Control Valve (CV) A0 b HES-HW-1 4
= Venturi Nozzle (VEN)
34| Bypass Valve (BV) | I TT-1006
; \ HES-8 PT-1006
N Check Valve (CV) : T
: PT-1003 %
> Isolation Valve (1V) : 11-1003  feendemee- @ @ TT-1002
; = % pT1002
Steam Trap (ST) HES-5 HES-3 | | | / \
CND K : i
< 1T \ /
| | | Orifice (OR) i
HES-EHX-2 17-1007
@ Transmitter/Controller (T/C) PT-1007
ity
—— Flowmeter

TPD

Figure4-2. Piping andinstrumentatiomiagram oftwo-phase tmne-phase HES

5. HAZARD ANALYSIS

Thehazards considergabtentially affect thérequency ointernal and external events theNPP.To
define internal evenis an NPRconnected through a thermal loopatoHTEF, the jurisdictional
boundary must be defined wdrethe NR@ seguation ofthe nuclear facility end#\ report issued to
address colocatioof facilities at advanced nuear reactor site$NL/EXT-20-57762f i Est abl i shi ng
Jurisdictional Boundaries at Collocated Advan&ahctor Facilitied[6], summarizes the following
pointsapplicable to jusdiction

T NRCwould retain full overgjht authority over SSG needing protectionnder phgical-security
regulations These security elemenisuld bepart of the nuclear facility.

1 All SSCs that perfornrmudearsafetyrelated or risksignificant functionsvould beincluded
within thenuclear &cility boundaryand under NRC jurisdiction

1 Energyconversion syste(s) located within thenuclearprotectedarea boundarareintegral to
thenuclearfacility, andor are operatetly thenuclear facilitycontrol raam, should beconsddered
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part ofthe niclear facility.Energy-conversion syste(a) locatedoutside the protectedrea
boundary and separated from theclearfacility by a transfer system withppropriaténterface
criteriacould be excluded from nucleadility scope. Inérface criterianustensure the@uclear
facility is not dependenipon oradverselyaffected byindustrial facilityevents

Nuclear safety @alysis would be requireaf all nuclear and indstrial systemsvith respect to
potential missilessecurityissuesflooding issus, or anyother impactshat may influenc&SCs
that perfem anuclearsafety function.

The regulatorypoundarybetween theuclear andndustrial facilites can be definedyb
describingthe boundary ithe nucleafacility system design, dnsfersystengs) desgn, and
interfacedescriptions withappropriaténterface requirements, and pertinent detveam
conceptualdesign informationinterface requirements must addrastustrial facility systems
transients and failureRequirements musinsurehat noportion of theindustrial energstransfer
systemperformsor adversely affects a nuclear safety function. Appropriaaitoringand
detecton systems are to be employe@d®active materiatelease$rom energytransfer
systen(s) mustmeetapplicabldimits.

1 Interface requirements woultemonstrate a robust &by to maintainsafe
nuclearoperatian. Ste-relatedrequirements andssumptionsissociated with
the standard degi would be shown as met along with atiteria-pertinent
standardiesignsafety Thesaequirements are also focusedmasering SSC
nudearsafety functions

Theseprinciples hold true for existingWR facilities as well A generalizedNRC regulatory
jurisdiction boundary is summarized[ii.

Most eventsthatcan interfere withihe operation angafety ofthe NPPaffected bythelocation of the
HTEF outside of theegulatory jurisdictior{shown inFigure5-1) are treatd as external eventEhe
exception is theeactivity feedbackhat wouldoccur if there were a sudden large leakheTPD that
services the HTEHRExternal eventare added to the NPPesiby the potential for industriaiterrupts and
accidens at theHTEF. Other externalwents specific to the site aassumedd alreadybe covered
adequately by thexisting NPP Level 1 PRA.

............ Regulated by NRC i
i Switchyard Service
: Water
Pumphouse
Security
Hydrogen Turbine - RX Support Other
HTEF i Building RX Building Building Support
Heat Buildings
1km Extraction
i
System Tank Farm

: Building O O
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Figure5-1. NRCjurisdictionalboundary folLlWR servicing an HTEF.

Hazard analses were performeaif both the NPP and the HTEF. The NPP hazard asatgsiided
the envelope beyond that postulated@jyby consideringhe reating loop provided by the NPP to the
HTEF and hetemperature diwnegative reactivitfeedback that would occifrthe loop were to
experence asudderbreak in the pipingThe HTEF hazard analysis startatthe secondary side of the
heat exchangeafter the delivery of thermal energy to th¢TEF.

5.1 Nuclear Power Plant with HES Hazard Analysis

The hazards associated with the addition oHES to the existing NPP were considered through
interviews with subject matter experts (S8IEnd available desigrralvingsand optionf the proposed

HES.
5.1.1

Design Options and Assumptions

TheHES desigroptionsand assumptionsonsidered for theepresentive NPP,HES, andHTEF are
listed inTable 5-1. HES desigroptions eferene the P&ID. Other assumptions are madased on
physical propertieand a generic geogyhic region.

Hydrogen detonation overpressure fsagtionof-a-second impulse. Multiple detonations provide
follow-on impulsesWhile it is reasonable to assume thdirst impulse may weaken a structure and a
following impulsemight damage it, th&agility curves we use in this report are evaluateith@tpoint of
zero fragility to the impulsequivalent psiFor multiple highpressurget detonationsit is possilte that
the first detonation would break anotliee, providing tke opportunity for anerhigh-pressure jet
detonatiorof the sameverpessure. A accumulated hydrogen cloud detonatiwould not cause another
hydrogen cloud etonation because the fatilis assumed to not have hydrogen storage

Table 5-1. HES designoptionsandassumptions

Component/Parameter

Identification (Figure
4-1)

Options

Assunyptions

Isolation Valve

V-1, IV-2

One or twovalvesin
series

Isolation valves will folow
design of NPP MSIVs

Bypass Valve Trains

HES-17 through HES25

One, two, or three
trains

None

HeatingMedium

TPDloop outand in

Steam oHeating
Fluid

Steam is th standard

HES placement

Not Applicable (NA)

House the HES ithe
turbine building orm
a dedicated building

HES is placed in a dedicated
building (FMEA
recommended).

Linkage fromNPP to
HTEF

following or
connection to the grig
then to the HTEF

Hydrogen Storage and | NA HTEF will pipe the production

Transfer Facility hydrogen to a storage and
transfer faciliy 5 km distant
from the NPFcritical gructures.

Electricd Power NA Directlinkage,load TheNPPis connected to the

grid to buffer upsets from
HTEF.
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Component/Parameter

Identification (Figure
4-1)

Options

Assunptions

thermal dédivery loop

HTEF Ventilation NA Is there @ HTEF A dedicatedndustrial building
industrial building ceiling ventilationis not
ceiling ventilationof | considered in base PRA case
thehydrogen leak
LOOP Frequency NA LOOP frequency is the same
for the generic BWR and PWR
model, assuming thame
geographicalegion.
Multiple Detonations at| NA Bounding accident is assumeq
HTEF for the first detonabn
overpressure
Ensuing detonations will not
exceed bounding accident.
Structures will not be weakeng
in the firstdetonation
overpressure.
Tenperature of the NA 06 (FO

5.1.2

Nuclear Power Plant Safety-Critical Structures

The reactor building is therimary critical structte at @ NPP It is also the most welprotected from
any external forces such as blaspulseshock waves. Nuclearade concrete walls encase the
containment ash provide significant protection to the reactor internal structarasldlition to providing
significant protection from accidental release of ionizing radiation. Critical structures external to the
reactor building are typically designedvtithstandposulatedlocal wind and seismic loadShese
include refueling watestorage tanks (RWSTgnd @ndensate storage tanksST).

5121

Reactor Containment Structure Fragility to Overpressure Events

Reactor building concrete walls werlearacterized iEGG-SSRE9747,fimproved Estimates of
Separation Distances to Prevent Unaccept@himage to Nuclear PowBfant Structures from Hydrogen
Detonation for Gaseous Hydrogen Stoxald@. The loweststatic pressureapacity of nuaar concrete
identified is 1.5 psiThis conservative estimate was used for the blast asghgséormed irthe
separdbn studylNL/EXT -05-00137 "Separation Requirements for a Hydrogen Production Plant and
High-Temperature Nuclear Reactd8] and[2] and is adopted as tiséatic pressure capabilibf nuclear
concrete walls in this studys well.

5.1.2.2

Safety Critical External Structures Fragility to Overpressure Events

Critical structures outside of the reactor building have been identified when assessing high winds
fragility for PRA. For most BWR, thesemclude at least one CSWMany timesthere isan auxiliary
(sometimes called emergendgedwater tanksenice waterpump house(s) anititakes,and theelectrical
switchyard For PWHR, thereis typically arefueling water storage taiiRWST),anauxiliary or
emergency feedwater tardnd/or aCST, service watguump house(s) arttieir associatethtakes anda
switchyard.Many wind-pressure andind-missile fragility studies have begerformed foNPPs. The



individual plant examination of external eve(iBEEE)studies in the 190s produced a wealth of
informaion on wind fragilites. The Duane Arnold IPEE[] was selected tact as a baseline for these
fragilities. An updatedigh-wind fragility analysigperfomed byApplied Research AssociateSRA)

[10] determined the medragilities components commonly found in the switchyarbese wind pressure
fragilities of 6second gusts were transformed into blast overpresaprdse fragilities iSAND2020
79446 fiFinal Report on Hydrogen Plant Hazards and Ris&lysis Supporting Hydrogen PiaSiting

near NucleaP ower PRllant so

External water tanks are laed close to the reactor building for use in providing condensate storage
and coolant foroutine and emergew operations. In some casesréhare concrete walls placed around
the external tanks for protection, but some NPPs choose not to includeakegtetaction other than the
t ankdés o wn. Thesenaskarebuilt to éxtoeme statards According to[9] and othelPEEES
they aresquivalent in structural integritggainstwind pressuréo a Category Structure This means that
the tanks araearlyas durable as the reactor building itsaitl nearly as dubde as reactor containment
whenit comes to handling pressufighe CSTand other storage tanks @agsumed to be Category |l
structures whenconstderingsusceptillity to wind missilesThe probability of failure per instance of
overpressuréor storage taks and Category | Structurage listedin Table5-2. An overpessure event is
a fractionof-a-secondmpulse, so correlation between wind speed pressure fragility to overpressure
requiresproper scaling

Service weer intakes are solid structurasd their failure modes typically involve the buwijbf
debris on thescreens instead of physical damage; howete pump house is not typically built to
withstand tornadic or hurricane winds. In some NPP PRAs, a Iass\ate water is itself an imgttor that
challengeshe NPP to shut down safeljjhe probability of fdure per instance of wind speed for aitg
pump house is listed ifiable5-2.

Loss of switchyard componentseans a losef-offsite-power (LOOP) event which challenges the
NPP to shut down safelgwitchyard components are fragile to wipssure, anderefore also fragile
to an ovepressureevent.The resulting overpressure fragilitifes the switchyard arehown inTable5-2.

Table5-2. Blast overpressuriagilities of switchyard components

SSC Effective Pressure Equivalent Total Fragility

(psi) Windspeed (mph) (Wind and
Missiles)

All Category | 0.59 182 0
Struwctures 0.97 234 4.00E04
1.49 290 4.60E03
2.16 349 4.00E02
Storage Tanks 0.59 182 2.10E03
(CST, RWST, 0.97 234 2.80E03
etce) 1.49 290 1.60E-02
2.16 349 5.40E02
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SSC Effective Pressure Equivalent Total Fragility
(psi) Windspeed (mph) (Wind and
Missiles)
Circulating 0.10 75 8.00E04
WaterService 0.20 105 5.80E-02
Water PumpArea 0.28 125 1.50E01
in Pump House
0.59 182 5.20E01
097 234 9.4CE-01
1.49 290 1.0
2.16 349 1.0
Switchyard, 0.32 135 3.78E01
General 0.48 165 9.74E01
0.71 200 10
Transmission 0.10* 75 0.0
Tower 0.16° 95+ 0.0*
0.2¢ 105* 0.8
0.32 135 9.18E01
0.48 165 1.0
0.71 200 1.0
Standby Auxiliary 0.32 135 1.99E01
Transformer 0.48 165 2.68E01
0.71 200 3.11E01
Note: * Updated and lowewind speed and pressuralues taken fromiFragility
Analysis andestimation ofCollapseSatus for Transmissionfower Qubjected to
Wind andRain Loads' [12].

5.1.2.3 Non-Safety Critical External Structures

In addition to critical structures, some other structures that afferationsbut nottypically the
ability to safelyshut down the reactaaye located in the plant yard as well: circulating watet standby
sewrice water pump housgdemineralized water storage tank(s), cooling towers, well water pump houses,
liquid nitrogen tank, anthydrogen andiitrogen gas cylindsrwhich present stored energy in the form of
chilled and pressurized gas

Further, the dayo-day operations of the NPP would be affected by damage to the turbine building,
administrative building, and antenance support tdings located throughout trsite.

5.1.2.4 Example Site Plans with External Structures for PWR and BWR

Several NPPs were revieweat xternal safetgritical and norsafetycritical structures. Calvert
Cliffs NPP was chosen as a represtveaPWR site and Cambia NPP was chosen as a reprdative
BWR site.

Calvert Cliffs NPP was chosdrecausetiis a good example of a shorelinPR where the placement
of an industrial complex is limited to 180 degrees around the NPP due to the water B@iso has
manynatural obstructions due toethvoods in the areah€ overhead view of Calvert Cliffs NFPigure
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5-2) shows the possiblecationat 1-km distance denoted by the red ciralbere a cdocated industrial
plant maybe placed. Once a choice ofirsif is made, the origination and direction ofcmerpressure
event can be determined alongwatttenuating obstructionshe analysis performed for this report did
not considerattenuating obstructiorte remaina generic radel, but his feature is poid out as
something to consider for an actuaésitconservatisnis notdesired owarrantedFigure5-3 shows an
aerial viewof Calvert Cliffs NPRwith the critical structures labeleThis gives a gud perceptiorof the
sizes of the tanks and the geography of the surroundingrageiae5-4 shows the Calvert Cliffs site plan
with the critical structures labeled. Other structures of interedharwater storage tanks alsitg the
CSTs and the liquid nitrogen storage in the northeast corner of the tank farm veh€&Tihare located.

.

‘ /:sb"
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v‘.

CalvertCliffsw

NUClear/Power Plant
o 'l
%
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>

Figure5-2. Calvert CliffsNPP 1 kmfrom reactor buildingpverhead view, © listed in image
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Figure5-3. Calvert CliffsNPPcritical gructures labeled on aafiview, image fronthe NRC.
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Figure5-4. Calvert Cliffs NPPSitelayout fromIPE.

Cdlumbia Generating StatiddPP was chosen as example BWRor several reasons. Even though
the Columbia River is in close proximityhe Columbia NPP is a good example of an inland NPP site
using maAmade ponds. The site hag natural obstructions withihe km area specified for a €o
located industrial sitelThere are two abandoned NPP projatimediately to the east which could
potentially be aindustrial site locationThe overhead view of Columbia NRPPFigure5-5) shows the
possible orientation within 1 km where alogated industrial plant may beagled. Once a choice of
siting is made, the origination and direction of an overpressure event can be determined along with
attenuéing obstructionsAs statel previously,attenuation of an overpressure ewsas not considered in
the analysisbutattenuaibn should be considered for an actual gimonservatisnis not desired or
warrantedFigure5-6 shows an aerial viewith the critical structures labeleBigure5-7 showsthe
ColumbiaNPPsite plan with the structures label8dhe CSTs, the transformer yard, and the switchyard
arecritical structuresOther structures of intereate thestandby service wat@umphouses
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